expressing beneficial traits in commercially important plants without transforming the plant genome (13) .
Up to this point, C. xyli subsp. cynodontis has not been transformed by plasmid DNA, and there is little published information concerning its molecular biology. Our goal is to develop a full set of tools for transforming C. xyli subsp. cynodontis and for expressing foreign genes in the bacteria with the hope of eventually producing agronomically useful engineered bacteria. We have been working to transform C. xyli subsp. cynodontis with a plasmid vector by using electroporation, and we report two significant findings in this paper. We show that an IncP family broad-host-range gramnegative plasmid, pLAFR3, can be transferred by electroporation into C. xyli subsp. cynodontis, and we have defined optimal conditions for transforming C. xyli subsp. cynodon-(is, which yielded more than 2 ,ug/ml; kanamycin, 67 ,ug/ml; neomycin, 25 p,g/ml; and gentamicin, 25 ,g/ml.
Plasmids that transform C. xyli subsp. cynodontis. For initial attempts to transform C xyli subsp. cynodontis, we chose plasmids that had been developed for transforming other coryneform bacteria (Table 1) . Plasmid pBL2100 (21) , which carries a gene coding for kanamycin resistance, was used to transform C. xyli subsp. cynodontis. Kanamycinresistant colonies became visible after 7 days. To prepare DNA, cells were grown on DM agar containing antibiotic and were resuspended in 100 ,ul of 10-mg/ml lysozyme (B3oehringer Mannheim, Indianapolis, Ind.) to give anA6w of 80 to 100 (use of higher concentrations of cells resulted in DNA of poor quality). This suspension was incubated at 37°C for 0.5 h, and then the cells were lysed and the DNA was prepared exactly according to an alkaline-lysis miniprep method used for Escherichia coli (18) . This DNA was used for restriction digests, agarose gels, and Southern blotting, which were all done by standard methods (18) . Because pBL2100 was unstable, we could detect it in C xyli subsp. cynodontis only by Southern blotting (data not shown).
We obtained a chimeric plasmid, pDM100, which had been developed from a naturally occurring plasmid from Clavibacter michiganense subsp. michiganense (17) . Several attempts to electroporate C. xyli subsp. cynodontis by using this plasmid resulted in small antibiotic-resistant colonies. However, these colonies never grew to full size and did not grow on antibiotic when replated. Therefore, it appears that the plasmid was transferred but was not stably maintained.
We then used a broad-host-range plasmid from the IncP family of gram-negative plasmids, pRK415 (11) The enhanced stability of pLAFR3 in C. xyli subsp. cynodontis compared with the stability of pRK415 is not readily rationalized, because of both the complexity of the IncP replicon and the fact that various steps of the construction of both precursor plasmids involved loss of undetermined portions of the parent plasmid (6, 7). Although we cannot determine which functions might be responsible for the difference in stability of the two plasmids, it may be possible to engineer an IncP plasmid with enhanced stability in C. xyli subsp. cynodontis.
Optimization of transformation conditions. The effect of DNA concentration on transformation efficiency can be seen in Fig. 1 . The number of transformants increases with DNA concentration but does not appear to be saturated at 100 ng of pLAFR3. In addition, we consistently observed approximately four times more transformants per p,g of pRK415 than per ,g of pLAFR3. This is probably due to the smaller size of pRK415, an effect seen by other researchers using electroporation to transform bacteria (8) .
Optimal electrical conditions were determined by electroporating cells with pLAFR3 at a variety of pulse lengths and field strengths (Table 2 ). Table 2 shows that lower voltages can be compensated for to some degree by longer pulses. The data demonstrate that optimal conditions are 12 ms at 14 to 16 kV/cm. Freezing and thawing cycles, which increase efficiency of transformation for other gram-positive bacteria (24) , resulted in no change in efficiency of transformation (data not shown).
To determine whether restriction barriers might be limiting the ability of DNA derived from E. coli to (2, 16, 19, 23) . In addition, there have been previous reports of gram-positive plasmids replicating in gram-negative bacteria (1, 9, 12, 20 These results represent a significant step forward for studying the molecular biology of C. xyli subsp. cynodontis, for which no plasmid vectors exist. Although antibiotic selection must be maintained during growth because of the slight instability of pLAFR3, this vector will provide a rapid and convenient method for introducing cloned genes into C. xyli subsp. cynodontis.
